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Materials and Methods
Materials and reagents. Silicon wafers (4-
Photolithography. Microstructure patterns were first designed with AutoCAD software and fabricated using standard photolithography and molding processes as shown in Fig. S1 . The masters were prepared by spin coating SU-8 2015 negative photoresist onto a silicon wafer and UV crosslinking for 45 s.
Subsequently, the designed pattern was developed using SU-8 developer (MicroChem Corp.) and cleaned with isopropyl alcohol and nitrogen gas. The silicon masters were baked at 150°C for 30 min and treated with the anti-adhesive agent TMCS via vapor reaction for 4 h. The SU-8 mold was approximately 160 µm in height after rounding by thermal treatment.
Fabrication of the MI-Chip. The MI-Chip was fabricated by casting a pre-polymer of GE RTV 615 PDMS part A and part B (10:1 ratio) onto a SU-8 mold and curing at 80°C for 45 min. The control layer was carefully aligned and placed onto the flow layer, followed by a thermal bonding step at 80°C for 60 S3 min. This PDMS slab was cut and peeled off from the mold and bonded onto a glass slide as shown in Fig. S1 .
The chip was gently flushed with 70% (v/v) ethanol for sterilization followed by deionized water and PBS. A 50 µg/ml BME solution was loaded into the chip and incubated overnight at 4°C for physisorption. During the BME incubation period, the chip was covered with a glass slide, thus reducing the chance of cell loading and adhesion outside the microwells. Prior to each experiment, BME solution was replaced by cell culture medium, and the device was warmed to 37°C in an incubator.
Cell culture. SUM-159 cells were cultured at 37°C in a 5% CO 2 atmosphere in Ham's F12 medium with 10% FBS, insulin (5 µg/ml), and hydrocortisone (1 µg/ml). MCF-7 and MDA-MB-231 cells were cultured in DMEM with 10% FBS, and cells were harvested by treatment with 0.25% trypsin-EDTA (Thermo Scientific). THP-1 cells were cultured in RPMI 1640 medium. For carcinoma/macrophage coculture to mimic tumor-associated macrophages, the MDA-MD-231 and THP-1 cells were placed on two 35-mm culture dishes. PMA was added to the THP-1 cell culture medium (50 ng/ml). After 24 h, the culture medium in the MDA-MB-231 dish was collected and centrifuged (1000 RPM, 3 minutes). The supernatant was added to the THP-1 cell culture dish. After 48-72 h, cells were collected and loaded into the chip.
Whole-chip imaging.
Imaging was performed using a high-resolution camera connected to an inverted optical microscope (X81, Olympus, Japan) equipped with a cell culture chamber and objectives of 10× and 20× magnification. During the experiment, the temperature of the cell culture chamber was maintained at 37°C. Three-dimensional imaging was performed with an inverted optical microscope (TiE, Nikon, Japan) with a 20× air objective lens (Figs. 3c and 4c ) and an inverted confocal microscope (X81, Olympus, Japan) with a 10× air objective lens (Figs. 3b and 4b) . The z-stack of bright-field and fluorescent images was acquired with a step size of 1 µm by wide-field microscopy. The stack of images S4 was reconstructed using the software provided by the microscope manufacturer. In the experiments, by adjusting the focal plane of the microscope, bright-field and fluorescent images (20×) of cells on the top layer of the microwells could be recorded routinely. It costs about 20 minutes for taking the image of an entire chip (20X bright field, 1s/frame, about 1000 frames). For close-up looking, we need to change the objective lens to 40X magnification and take time-lapsed images, which requires about1h for whole-chip imaging.
Cell loading and generation of a cell density gradient. Random cell deposition by controlled pipetting was performed with 300 µl cell suspension dispensed onto the chip, spread over the chip area, and allowed to randomly settle into the microwells by gravitational force. The cell density in each microwell depends on the loading concentration. If the suspension of cells is diluted to 5×10 4 cells/ml of culture medium, a single-cell assay (34% in all wells) can be obtained. Increased increments of cell concentrations creates an increased loading density in the wells, and each well can be loaded with up to 50 cells.
A cell density gradient was generated on the MI-Chip by inserting it into a homogeneous suspension of cells at a specific tilt angle, taking advantage of the gradual change in the number of cells available for sedimentation. Reverse gradients were also fabricated on the same chip using multiple sedimentation procedures.
After cell loading, the device was washed carefully with cell culture medium (DMEM with no FBS)to remove the cells not loaded into the microwells and then placed in an incubator at 37°C for 30 min to let the cells adhere to the surface of the PDMS. The cell culture medium was then removed with sterile bibulous paper, and the type I collagen solution (2 mg/ml, without FBS) was added at 4°C. The chip was then incubated at 37°C for another 30 min. After polymerization of the Matrigel, a sterile glass slide was used to gently scrape the top surface of the chip to remove excess Matrigel. Freshly prepared chemoattractant (type I collagen solution, 8 mg/ml with 20% FBS) was added to the upper surface of the S5 chip and again loaded after 48 h to maintain a stable FBS gradient throughout the experiment. The chip was then put into the microscope (X81) equipped with a cell culture chamber for imaging and incubation.
Selection of collagen concentration was based on the concept a more rigid extracellular matrix would increase the thermodynamic difficulty of cancer cell invasion. We cultured SUM-159 cells in two concentrations of type I collagen and captured images after 24 h. Figure S1 . Scheme of the photolithography procedures. PDMS, poly(dimethylsiloxane) Table S1 . Cell invasion inhibitors, their specific targets, and the targets' role in breast cancer metastasis.
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MMP, matrix metalloproteinase; ECM, extracellular matrix; EGFR, epithelial growth factor receptor;
PDGFR, platelet-derived growth factor receptor; TGF-βR, transforming growth factor-β receptor; EMT, epithelial-mesenchymal transition; ROCK, Rho-associated kinase
